19F-NMR study on the pH-dependent regioselectivity and rate of the ortho-hydroxylation of 3-fluorophenol by phenol hydroxylase from Trichosporon cutaneum. Implications for the reaction mechanism.
The regioselectivity and rate of the ortho-hydroxylation of 3-fluorophenol by phenol hydroxylase from Trichosporon cutaneum (EC 1.14.13.7) was studied using 19F-NMR. The regioselective hydroxylation as well as the rate of ortho-hydroxylation are pH dependent with a pKa of 6.5. At pH values below 6.5, 3-fluorophenol preferentially becomes hydroxylated at the C6 ortho position, resulting in a maximum C6/C2 hydroxylation ratio of 6.7. Upon increasing the pH, the total rate of conversion increases. Also, the C2 ortho-hydroxylation increases relatively to the C6 ortho-hydroxylation and yields a minimum C6/C2 hydroxylation ratio of 2.2 at pH values above 7.5. Based on data from 19F-NMR binding studies and molecular orbital calculations, a hypothesis is put forward which explains the pH-dependent effects observed. A mechanism is proposed involving an active-site amino acid residue acting as a base in the reduced form of the protein. Deprotonation of this residue results in hydrogen bond formation with the hydroxyl moiety of the phenolic substrate, leading to (partial) deprotonation of the substrate. Molecular orbital calculations demonstrate that such a (partial) deprotonation increases (a) the overall reactivity of 3-fluorophenol for an electrophilic attack and (b) the reactivity of C2 relative to the C6 position. The hypothesis may explain the decrease in the C6/C2 hydroxylation ratio. Furthermore the increased amount of ortho-hydroxylated products formed with increasing pH can also be explained by this hypothesis.